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TNTENDUCTION

A recent trend in the design of long-range alrplanes
has been toward the use of high wing loadings end large
aspect ratios. As a result of this trend, full- -gpan flieps
are often requirsd for satisfactory ta%e-off and lending
cheracteristics, and the problem of obtaining adequate
laterel control in conjunztion with 8 full-span flap has
presented 1tself.

At the request of the Army Alr Forces, Alr Technical
Servlice Command, lift tests of a two~dimensional airfoil
model equipved with s double-slotted flep and lateral-
control device ware made in' the Langley two-dimensional
low-turbulence pressure tunnsl. The model represented
the master outboiard wing section (station 950) of the
proposed Douglas C-TL alrplane. The .tests were made for
the moat part at a Peynolds number of approximately 6,000, 000,
primarily for the purpose of determining the flap settings
which would glvs edequate maxirmum 1ift: and lateral control
characteriatics for both the take-off and landing con-
ditions. Several sddltional tests were made to determine
-the effect of Reynolds number, roughness, and sealed geps
on the 11ft characteristics. )
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COEFFICIENTS AND SYMBOLS

The coefflclents and éymbols used herein are deflned
. as followa:

c section 1ift coefficlent

o section angle of attack measured from the model
reference llne (degrees)

Be flap deflection (degrees)

6r alleron deflection (degrees)

o1, flip deflection (degrees)

Aa, increment of section angle of attack (degrees)

c model chord (inches)

R Reynolds number
MODEL

The model, submitted by the Douglas Alrcraft Company,
represented the master outboard wing sectlon (station 950)
of the proposed C-7! airplane and was a 2lj-inch-chord,
two-dimenslonal Douglas wing sectlon having the contour
of an NACA T7-serles type alrfoll. Ordinates for the
plain aeirfoll, given in percent of the chord and measured
with respect to the wing reference line, are presented
in table I. Photographs of the model are shown 1n
figure 1. The general outline of the model, which had a
maximum thickness of 0.1536c and which was equipped with
a double-slotted flap, contour Frise alleron (alleron),
and slot-1lip aileron (flilp), is shown in figure 2.

Flgure 3 shows the arrangement of the control
surfaces in thelr neutral posltlons, flap retracted and
deflected 50°. 4Also included in figure 3 are the
dimensions of the control surfaces and the location of
thelr hinge lines. The double-slotted flap conslsted of
two parts. The forward portion of the flap, designated
as a vane, was separated from the maln part, deslgnated
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...the rear flap, by a secondary slot. The double-slotbed

flap, which operdteéd &s a unit with no-relative-motion
betwoen the vane and the rear flap, rotated about a
fixed hinge line located below the model. The uft
portion of the rear flap, which was separated from the
forward portion of the rear flap by a tertiary slot, was
used as an ajleron and rotated wlth respect to the flap.
A rear portion of the upper surface of the model was used
as a flip which was movable about a hinge llne filxed in
the model. '

TESTS

Moat of the included data were obtained at a
Reynolds number of approximately 6,000,000 using the
test methods described 1n reference 1, primarly for the
purpose of approximating the flight Reynolds number for
the landing condition which 1s estimated to Pe about
5,100,000. These data have been corrected for tunnel-
wall constriction by the following formula:s

¢, = .0.975 cz'

where the primed quantity represents the wvalue of the
1ift coefflclent measured in the tunnel. Some 11ft
characteriatics were obtalned at Reynolds numbers of -
approximately 3,000,000 and 9,000,000 which correspond
to dynamic pressures of approximately 26 and 96 pounds
per square foot and Mach numbers of approximately 0.060
and 0.100,. respectively. The pressure of the alr in the
tunnel was varled between absolute pressures of approxi-
mately 30 and 95 pounds per sguare inch. Standard
roughness was applied to the leadlng edge of the modsl .
by the methods described. 1n reference 1. In addltion, a
test was made with transitlion fixed on the upper surface
of the model, This was done by applylng a 3-inch-wide
roughnesa strip, located Just forward of the flip, over
the whole span of the model. Another test waas conducted
wlth roughness on the entire lower surface of the flip.
The sealed conditions were simulated by.lnserting modeling
clay in the gaps. An outline of the test program 1s given
in table II.

Because of the large number of tests involved in
determining the charactoristics of the lateral-control
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surfaces at any particular flap setting, a preliminary
survey was made to facilltate the cholce of flap settings
(primarily for landlng) for which more complete tests
would be made. For this preliminary survey, with the
lateral-control surfaces neutral, the lift characteristica
were obtained at flap deflections of 0°, 10°, 200, 309,
Lo°, 500, 52.59, and 55°. Additlonal tests were made to
determine the effectiveness of the alleron and flip at

the selected flap deflections and to study the causes of
the flap stall.

RESULTS AND DISCUSSION
Maximum Lift Coeffilcient

Varlation with flap deflectlon.- In order to be
coerteIn that satisTactory maxImum 1ift coefficients were
obtainable with the present arrangement of the control
surfaces and the flap, & serles of tests were made wlth
the flap retracted and deflected in small increments to
a maximum of 55° (control surfaces neutral). The results
of these tests, presented in figure li, appear to be
normal for flap deflections through LO° and indicate that
the maximum section 11ft coefficlent ilncreases from 1.52
with the flap retracted to 3.13 with the flap deflected
52.5°9,. With the flap deflected 50° the flow 1s unstalled
only for section angles of attack less than -16° although
at this flap deflection the maximum section 1l1ft coef--
ficient was 3.07 as compared with 2.85 for the flap in
the }j0° position. Because of the small changes in
section 1ift coefficlent for flap deflections of 52.5°
and 55°, the flow appears to be partially stalled
throughout the entlre range of angles of attack investl-
gated for these flup settings. With the flap deflected 559,
a hystereslis effect 1n the l1lift curve 1s observed betwsen
angles of attack of 0° and 14°. Although & maximum
section 1ift coefflcient of 3.13 was obtalned for the
52.5° flap deflection, subsequent tests were limited to
maximum flap deflection of 50° in order to be sure of
avolding the dangerous hysteresls characteristics
occurring with the flap deflected 55°.

Effect of seallng various gaps.- The results of the
tests with the alleron gap sealed (not falred) and with
all the gaps open are presented in figures 5, 6, 7, and 8
for flap settings of 0°, 259, 459, and 500, respectively,




MR No. 1502} 5

-- wlth the flip neutral and with .the aileron deflected.
Figure 9 presenta khe resultaiof ths. tests with .various -
gaps sealed for the configuration with the flap retracted
and with the control surfaces neutral. Values of the
neximum section 1ift coefflclent obtalned at several flap
deflections, gaps sealed and.unsealed, are tabulated
below for the condition with the control surfaces
neutral. . '

_ Maximm sectlon lift coefflclent
Configuration Flap deflection, . &¢
| 0° [ 25° L5° 50°

All gaps open 1.62 2.37 2.90 3.07
Alleron gap sealed . 1.23 2.13 2.90 3.15
Flip gap sealed 1, ————— ———— m———
Gap A and flip gap sealed |1.64 -——- ———— ———
Gap A falred, alleron gap {1.5L ——— ———— ————
~ sealed .

All geps falred 1.54 ———— ———— ————

Sealing the alleron gap reduced the maximum sectlon 1lift
coefflclent with the flap retracted regardless of the
condition of the other gaps. Sealing the alleron gap
resulted in an increass in the maximum section 1lift coef-
ficlent with the flap deflected 50°,

Alleron and Flip Effectiveness

The 1ift characterlsties bbtalned in determining the
alleron and flip effectiveness at the four previously
tested flap settings of 0°, 259, L,5°, and 50° are shown
in figures 5 to 8 and 10 to 15. Data from these figures
are presented in figures 16, 17, 18, and 19 as the
variation of the lncrement of sectlon angle of attack Aqy
with aileron deflection, for various deflections of the
flip, at a 1ift coefficient which was conatant for .each
flap setting. It 1s observed in figures 16 . and 17, with
the £1ip neutral and with the flap deflected 0° and 25°,
respectively, that sealling the ailleron.gap had no
appreciable effect on the variation of - Aag with alleron
deflection. At flap deflections of L45° and 50°, however,
with the flip neutral (figs: 18 and 19), sealing the
alleron gap resulted 1n a reversal of Aa, for all
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positive alleron deflectlions investigated. Figure 18
shows that for the flip-neutral condition (&f = 45°),
the alleron is lneffective for small deflections.

Between aileron deflections of about -2° to ~-7°, with the
£1lip neutral, the increment of section angle of attack
increases rapldly and is ebout the same for both
condltions of the alleron gap. for alleron deflections
more negative than about -7°, however, A4a, 1is greater
when all gaps are open. For all negative alle¢ron settings
investigated with the flap extended 50° and with the flip
neutral, the increment of sec¢tion angle of attack 1s
larger when the alleron gap is sealed (fig. 19).

It 1s observed in figures 17, 18, and 19, (all gaps
open) that for all alleron deflections investigated a
sudden increase of Aay, with flip deflection results at
progresslively smaller negative .flip deflectlons as the
flap is deflected. The. sudden increase of Aa, 1s

attributed to the separation of the air flow over the
flap, thls sepaeratlion beling more readlly induced at flap
deflections above LO°. (See fig. l.) .

A comparison of the fllp effectlveness for various
flap deflections with the alleron neutral 1s shown 1n
figure 20. Since the complete range of flip deflections
was not covered in the tests wlth the alleron neutral
and with the flap deflected, some of the values of Aa,,

shown 1n flgure 20, were obtained by extending the curves
shown in figure 17, 18, and 19. It 1s seen from figure 20
that, in general, the flip effectiveness lncreases with
flap deflection. This substantlally agrees with the

data of references 2 and 3. A comparison of flgures 17
and 20 shows that for a flap deflection of 25° the flip

1s about equally as effective as the alleron. Above flap
deflectlons of 25°, however, the flip becomes considerably
more effectlive than the alleron.

It is noted in figure 15(b) that there is a serious
break in the 1ift curve at a section angle of attack of 0°
for the conflguration with the flap, alleron, and flip
deflected 50°, 09, and -5°, respectively. Further
increases in the flip deflection to -7° and -10° resulted
in a complete breakdown of the alr flow over the flap
throughout the entlire range of angles of attack lnvesti-
gated. No evidence of the above discontinuities is
indlcated from the results of figures 12 and 21 for a
simlilar configuration of the control surfaces with the
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flap deflected L5°, although it i1s apparent from the

results of figure 12 that a gradual change in dir flow

over the flap occurs between f£lip deflections of -6% and -8°
with the alleron deflected -5°9. With the present
arrangement of the control surfaces, therefore, the

;5° flap deflection is approximately the largest flap
deflection that glves lateral control -characteristics

free from the anomalonus behavior shown in figure 15(b).

Study of Flap Stall

In an attempt to study the- causes of the sharp
break in the l1ift curve first notliced with the flap,
alleron, and flip deflected 50°, 09, und -5°, respectively,
and to determine the range of. configurations over which
the aforementioned break in the 1ift curves might exist,
the following tests were made:

(1) Alleron gap sealed, not faired (fig. 22)

(2) Rouéhness applled to the bottom of the flip
end then to the upper surface of the airfoll
Just forward of the fllp (fig. 23)

(3) Flip gap sealed, fuired, and not faired (fig. 2l)
(L) Reynolds number varied (fig. 2)

(5) Roughness applied to the leading edge of the
. model (fig. 25)

. Sealing the alleron gap or applying roughness to
the -entire lower surface of the flip and then applylng a
3-inch roughness strlp to the upper surface of the airfoill
Just forward of the flip had little effect in changing
the extent of the break in the 1lift curve (figs. 22 and 23).
Sealing the flip gap reduced the extent of the break -
although the resulting hysteresis effects remain objec-
tlonable. Little scale effect 1s noted between Reynolds
numbers of 6,000,000 and 9,000,000 (fig. al). Decreasing
the Reynolds number to 3,000,000 entirely eliminated the
irregularity in the lift curve; however, accompanylng
the decrease 1in Reynolds number was a large loss in
section 1ift coefficlent over the complete range of
angles of attack investigated. Due to thls phenomenon it
1s thought that 1f future Ilnvestigations of control
surfaces, similar to that considered 1n the present
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report, are made at low Reynolds numbers, the results of
these 1nvestigations should be checked at fllight Reynolds
numbers before application to an alrcraft.

A comparlson of the 1lift characteristics obtained
with the leadling edge of the model in the smooth and
rough condition l1s presented in figure 25 for the
configurations with the alleron neutral and with the flap
and flipdeflections varied. The results show that when
standard roughness was applled, the maximum section 1lift
coefficlent was reduced about 0.l for all flap deflections
Investigated. With the model 1in the rough condition and
with the flap, ailleron, and flip deflected 500, 0°,
and -5°, respectively, a gradual -change in the 1ift curve
occurs over a -large range of angles of attack as opposed
to the anomalous behavior with the model in the smooth
condition.

Inasmuch as the landing Reynolds number of this
section of the C-7h wing will be within the range of
Reynolds number 1in which the severe alr-flow breakdown
occurs, the 50° flap setting is not considered satis-
factory for the landing condition.

STMMARY OF RESULTS

Tests of a Douglas alrfoll sectlon of NACA T7-serles
type equipped with a lateral-control device for use with
& full-span double-slotted flap, indlcated the following:

1. The control-surface arrangement tested may prove
satisfactory for lateral control provided all gaps are
unsealed and a flap deflection of 45° 18 not exceeded.

2. With the control surfaces neutral, a reduction
in the maximum sectlon 1li1ft coefflclent was obtalned
whenever the alleron gap was sealed regardless of the
condition of the other gaps. .

3. The flip 18 conslderably more effective than the
alleron for flap deflectlons above sbout 25°.

i. The 1imited smount of data obtained at a low
Reynolds numbsr indicated that the scale effects at
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Reynolds numbers between 3,000,000 and 6,000,000 may be

serious and should be consldered in the development of
similar lateral-control devices.

Langley Memorlal Aeronsutlical Laboratory

National Advisory Committee for Aeronautics
Lengley Fleld, Va.
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TABIE I.- ORDINATES FOR A DOUGLAS AIRFOIL OF NACA 7-SERIES TYPE -

STATION 950 OF C-Tl WING

- Stdtions and ordinates given in percent of airfoll chord

Oordinate

Oordinate
Station Upper Lower Station Upper Lower
Surface | Surface Surface Surface
0 2.0,38 | 2.04328 L2, 8.6900 | <6.5559
.10 2.?&%8 1.&&22 L5 ? 8.52#0 -6.525 '
.25 3,1090 1.10 47.5 T7.9047 | -6. gl
.50 E,5635 8398 50 7. 837 -6.9788 |
1E | b 2| k| e |
2.50 5.5%80 -.25&2 5.5 -6:00316 | -61%322
3 .75 6 . 3327 - 0675 0 o’-l.723 . -6 06152
5.0 6.9692 | -1.0293 62.5 9231 | -6.333)
7.5 5.9 73 | =1.6%07 65 .3592 | =6.0%209
10 6420 | -2.1555 675 3.78%0 | -5.72,16
12.5 9.1662 | -2.6%25 0 3.196 =5.4213
1 9.3516 -3.0770 2.5 2.60 fa.l 1
17.5 9.82LL -3-%9 75 2.0019 1 -4.8357
20 10.0022 -E. 95 57.5 1.398 =1} .5590
22.5 10.0975 | -L.2750 0 <7950 | =4.297
25 10.1197 | -L4.63 82.5 .195! -l .0
27.5 10.0760 | -L.973L 85 =392 ~3.833
2 | il | 2 %o | o | et
55" §.598 -313622 92.5 | -1.9605 | <3.3716
75 9.3370 | -6.1209 95 -2.25 91 -3-3070
0 9.0327 | -6.3517 97.5 -2.6986 | -3,28%6
100 -3.0096 | -3.283,;
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TABLE IT
TEST PROGRAM

F=0° 25
e
o %L of wicFloF =e=c[=0
o e %l
o) 2|0 |-3|-5|-7-10|-15{-20 /0 120|30|40|525 55 10 X
a v '
-20| « /5 x | x| x 0 X | x| x| x| x|x /5 X
a a
I~/5 X -/0 x | x| x
Q
/0| x -5 x x | x
a,c,g,A @ Bl A o o
° x,.<>_~;' Ol x I x| x| x| x|x 2/054'501 =0, of=-3]
2 ;
0| 5 x | x x 3 X
a ’ a
Eip 0 x | x 9
a
20 x . -2 VN
Fgz45° oF =50° Sgmbol Desigration
o OrL o oL X All gaps open- -
e e[ @ Alleron gap sealed, not faired
0 "5 '6 '5 -/0 ’/5 20 2 O|-3|-¢4|-5]|-7 -0 |-15 -20 2 Flip gap sealed, not failred
/s a. _ a c Flip gap sealed and falred
x | x /5 x a Roughness on bottam of £lip
a a e 3=1nch roughness. strip forward or f1l1lp on
-/0 x | x x | x —/0 x x | x | x upper surface
3 Alleron and flip gap sealed, not falred
-5 x -5 9 All gaps sealed and faired
X x | x | x X | X1 x A Alleron gap unsealed, other gaps: sealed
0 a| 7. a |a|aladc £ Flip gap unsealed; alleron gap sealed but
2| x o x| x xage|, | not faired; secondary slot sealed and
2 g - v , faired .
0 N 25 x v Leading-edge roughness
5| 2 5 ' -
X X Notes R = 6,000,000 unless otherwise specified.
7.5 x : :
P NATIONAL ADVISORY °
/0| COMMITTEE FOR AERONAUTICS.
X | x .
sl s

Y2081
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(a) Three-quarters front view of upper surface; & = 0°

Figure 1.- Photograph of a 24-inch chord Douglas airfoil of NACA 7-series type
with double-slotted flap, aileron and flip; station 950 of C-74 wing.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
LANGLEY MEMORIAL AERONAUTICAL LABORATORY — LANGLEY FIELD. VA.
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(b) Three-quarters rear view of lower surface; & £ = 0°,

Figure 1.- Continued.

NATIONAL ADVISORY COMMITTEE FOR AERQONAUTICS
LANGLEY MEMORIAL AERONAUTICAL LABORATORY ~ LANGLEY FIELD. VA
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(c) Three-quarters front view of lower surface; af =507, . ?’3
Figure 1.- Continued. E.’

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
LANGLEY MEMORIAL AERONAUTICAL LABORATORY - LANGLFY FIFIN va
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(d) Three-quarters rear view of upper surface; 5f = 500.

Figure 1,- Concluded.
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LANGLEY MEMORIAL AERONAUTICAL LABORATORY — LANGLEY FIELD. VA,
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NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.

Flgure 2.- Profile view of a 2l4~inch chord Douglas alrfoil of NACA T-series
type; station 950 of C-7 wing. B
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Flip gap )
Flip hinge line-

Flip ref. line

l Alleron up
\\ O.0/42¢ Wing ref. line e
i
y Qasc - a R
©.0995¢c : e
L o998
\ \\
Gap "AM
—_—
Alleron hinge line s
Flap retracted Alleron down
Q.722¢ NATIONAL ADVISORY
S7a. COMMITTEE FOR AERONAUTICS.
Flip hinge line
Flip ref. line
61¢ Wing ref. line
| \eoore — M
¢ - ,!
Vane
0.759¢
STA.
Q/a/6¢
0. 766¢ .
STA ?”g
. (]
Flap hinge line - 1 L
Alleron hinge 1line
Alleron up -

Flap extended 50°

Alleron down

Figure 3.~ Arrangement of control sur.t‘aces for a 2l=1nch chord Douglas airfoil of
NACA T-series type; station 950 of C-7l wing.




MR No. L5C24a

3.2
oe P
2.8 1—(deg) . .
: 55 F‘}
_ : 2, 2 G @4\
2.4 2. X W
- 50, 4 IR
2,0 /B
orl
£ 1.6 -
J
: 7,
S 1.2; 3
(]
: 1A
e @ ;(
" .8
= L
2
_§ f J x/dj_/ WAl B
] / S¢
a0 J({ /Z —!/ (deg)
/
. 5 - [0 0
4 / ¢9 + 10
0 /J /L+ x 23
o
1144 o 1o
ra & 5 )
/ v 52.5
L 1 d] X ;?' /;{ v 55
q :
e, [ ]
. NATIONAL ADVISORY
-8 £ z COMMITTEE FOR AERONAUTICS.
-1.2 —
=2l =16 -8 0 8 16 2
Section angle of attack, a deg

o’

Figure 4 .- ILift characteristics of & Douglsas airfoll of NACA .
T~series type with double-slotted flap, alleron, and glip,
station 950 of C-74 wing. 6 = 6y = 03 R = 6.0 x 10°,

Test, TDT 3%91l.



cy

Section 11ft coefficient,

Seotion 1ift coefficient,

Sy

2.k
2.0
1.6 . %
(aeg) /X
1
1.2 -/
{/‘/
. A
. 7¥
Vi
¥F
A 7 —
‘/",/+ =10 ' (d:l;) —
r f‘ ;
0 / [} 0 |
LY A Y I
2 ;5
o M a5
-k ;? '
4/‘
-.8 - NATIONAL ADVISORY
T
i g 0 8 16 ok

2.4
2.0 >
1.6 (d‘n) j/j/if.
og B\
4R
1.2 2 ‘/ AN
151 0¥ F L =y
.8 /Il[;;rz ._,4/ \
r//x/+ . Q
4 )/L /0 o/.
i 1 4l 7iy X, |
AR/
S ;L
3 A7 . 3 ]
- 7 238 b
| ; v 20
i
9
-.8 }
1218 -8 0 8 16 2l
Section angle of attack, a,, deg
{a) All gaps open,
Figure 5 .- Lift characteristics of a Douglas sirfoil of NACA T-series

and flip, station 950 of C-Th wing.

bp =8, =0; R =6 x106,

Section sngle of sttack, o, deg

(b) Aleron gsp sesled, not faired.

ype with double-slatted flap, sileron,
Tests, TDT 391 and 39

5.

‘ON UMW

e$30G61



Section lift coefficient,

3.2
2.8
2.k r/j/‘_
/)
2.0 5 X/)Pé/
- R 4
(deg K /
4-'. /'-/
§ 16 /78
; N/
: 87
s L2 7
o ] r?){ s
b} > R
a +/ (deg)
§ .8 7(0 0
3 2 10
3 N f/ / 15
A/
A+
0 n/ AL
£ ¢
"I;*Zh .16 -8 0 8 16 2
Seotlon angle of attack, 6., deg

Pigure 6 ,-

(=) ALl gaps open.

Lift charecteristics of & Dou

and flip, station 950 of C-Th

%

>

= 0% R =

2.2
2,8
2 e
dcg?_ {)u/(_i
. : :
2,0 _ . v
WA
VB A
1.6 & AT
A
ol /S f
L2 8/
VRS
K : N E
-8 (de:)
° 0
x 10
a
ok o _{3
4 15
C - -
NATIONAL ADVISORY
COMMITTEE FOR AEAOMAUTKCS.
. _ [
-lbh -16 -4 0 8 16 2l
Sect_:ion _lngl.o or ltrtnck, L ' d,g

(b) Aileron gap sesled, not falred,

glas nirf‘oil Qf NACA 7-series type with double- slotted fllp, alleron,
6 x 106, Teats, DT 391 and 395,

‘ON ¥NW

®BY¥30G1

.



%

Section 1ift coefficient,

3.2
g2
e sl
/;/ ]/
- £ 4 \

g
Py
& 3
x
S
=N

=
o

b
ae

/ -
b, (deg)
1.2 ) 'Il'é J;
. / ) o 0
X | 2 + 10
x 15
o «10
8 d
>/ T/ -10
" j ]
X
L7
¥
by -8 0 8 16
Section angle of attack, Gy deg

(@} All gaps open.
Pigure 7 .- Lift characteristics

and fiip, station 950 of C-74 wing.

s

8ection 1lift coefricient,

3.2
2.8
2.
2.0
1.6
N
1.2 H 4 — (deg)
14 Y
8 B
T °dh
s
/44 {
LY
NATIONAL' ADVISORY
< COMMITTEE FOR. AERONAUTICS.
n _ [ Y
=2l =16 -8 0 8 1% 2

Section angle of ittuk, [} deg

0!

{b) Alleron gap sesled, not faired..

of a Douglas airfoll of NACA 7-aqrieg type with double-slotted flap, aileron,

00; R =

x 106,  Tests, TDT 393 and 395..

‘ON YW

By20G1



#

hd?

Section 11ift coefficient,

3.2 o 3.2
Y41
2.8 (de:). L (/4;_/?;/?/' | 2,8 i(d:};je / {f
2.l ' 151, ;:j}(( ! 2.h ,0[
4/ AW |
2.0 I’z; ; L 2.0 J/ﬁg{é
N EEEY Y/ S /AN
iy A g T
1.2 / =10 . ;-5 § 1.2 9]5 }! : E 13
i i : / i B
A Y A o -l5 PR D
- / g ]
A S mv;
ol . i o 5} ‘1?
4 / )
0
¥ ° NATIONAL liﬂivéonv,
l ‘ _COIO!NIT‘I;E[ Fﬂl AEI(;IAUTIICS.
I TR 0 8 16 al, R TS o 8 - 16 2

Section angle-of attack, a deg

0!

(a) All gaps open.

Pigure 8 .- Lift characteristics of a Douglas airfoll of NACA 7-serles type

and flip, station 950 of C-Th wing. 6p = §00; 67, = 0O; R =

Section angle of attack, o deg

o’
(b) Alleron gap sealed, not faired.

with double-slotted flap, alleron,

X106, Tests, TDT 391 and 39Y,

‘ON ¥W

BY3DG1



2. 2.4
2.0 2.0
1.6 : 1.6

1.2 J Zaw 1.2 5%
o 7 &
s 8 . -8
§ I
- [
3] Lal
4 3
[
S b o
: 3
e o
o
L] Pl
b R — 3 o
o © K11 gaps open . ~ © All gaps open
o 0 All gaps sealed and faired . § X Aileron gap unsealed;’ othor
3 + Flip gap sealed, not faired -l ; . gaps sealed and faired
g [ ® <> Flip gap unsealed; alleron
B = e =) - gap senled but not faired;
; » ' secondary slot anlod and
: ’ faired
;( g @ Alleraon gap sealed, nat faired
-8 -8 | -
f COMRITTE] FOR AERONA
d : d _ )
-l.2 -1.2 : -
-16 -8 0 8 16 2 -16 -8 0 8 16 2
Section angle of attack, a,, deg _ Sestlon angle of attack, o , deg

Plgure 9 .- Lift characteristica of a Douglae sirfoll of NACA T-series ty e-wit}g double-slotted flap, aileron,
and flip, station 950 of C-T4 wing. 6y = 6 =8, =0; R = g x 100, Test,- TDT 391,

*ON HKW

®Y20S1



°

Section 1ift coetficlent,

2.8
2.k {;{g;
2.0 ;{ /Z/g
Il fili
i,
il
i1 _
: 8
.8 /}?/’# (asg) (a:Z)
R e 0 0
\umn/imutEE
// I
ik
0 Z!, 47
-l <
-.8 -
=2l -16 -8 0 8 16 2l
-8ection angle of attack, a deg

Plgure/0 .-

(14

and flip, station 950 of C-74 wing.

%

Section 1ift coefficient,

6p = 250; R = 6

2.8
2.
2.0 e/
. j{/(/n
1.6
g > .
A i
l.27 +x
7] .
L) ﬁL
.8 (deg)  (deg)
e 0 o
33
A o =5 -5
0
- K. ADvsery
-.8 -
2, .16 8. 0 8 . 16 .24
Section sngle of attack, o, deg :

Lift characteristics of a Douglas airfoll of NACA 7-serles t

x 10

gpe W,

ith double-slotted flap, aileron,

Test, TDT 391,

“ON 4W

By2O0G1

e



®

i wipan

Section 1ift coefficient,

*ON YW

2.8 2.8
2.k MW 2.4
+
2.0 \K“x umf 2.0 T F
g \x\ o B
1.6 P £ 1.6 m\ +
© .
Y, : i
1.2 _ T S 1.2
/i : T 717
i £ 7| ,
- )
.8 “x = .8 A -
o Om OH. i am ¢ \+ Ow Oﬂ
\Nw (deg) (deg) M M \\ 7x - (deg) Eonv
A 7 o 0 o - A \._.\ : ° w Hm
0 =10 - . + = - {
. 5 -0 | \ \+\T x 0 -ww
.o - -10 P C - -
- - [ o =1 ~20
0 e =15 0] of mK s 415 -20
&
= -
-.8 -.8 - : :
=2l -16 -8 0 8 16 2h =2l =16 -8 - o - 8 16 C2y
Section angle of attack, a , deg Section angle of atteck, «, deg - )

-]

ﬂmﬁ.nh.uﬁ»haou-uponou»:wauon-uoswwwn-u.ﬁ.ot.ongm; ‘Tnoﬂ.ouowwuo -w...s ﬂoﬁdwounwonnon nw-v._-wwnaou.
and flip, station 950 of C-7, wing. o = 259 R Test, TDT %91.. '

BY30G1



i

n
-
Q

oy
.
o

[
.
n

.
[ee]

Section 1ift coefficlent, ¢y

3,2
%25/' '% 2.8
Pap;
Y /) Y 2.l
-
/i;;?g ?;y Al . 2.0 3
i F o3 o -
F[f:i! /{f{ £ 1.6
/ P ,
iy ' ¢ S e
G/;;///]' }// (d:g) (d:s) E 1.2 (dez) (des)
+/ y f 5} 0 0 E 0 =5
YT E 7 M 0 5 .8 o 16
7 5 9 F
4 ﬁ/ /{ o =5 -8 bt} =10 =15
ﬁ/ fV . :g -10 ;'; L :ig :%3
7 S
L7 FARNE/ /4
~ ° c/‘ | cou aggﬁ%RA ggﬂ;nm ' Eg
26 -8 o é 16 2l ".th -16 -8 0 8 16 2 _g

Sectlon angle of attack, a_, deg * " Section engle of attack, ¢, deg

o’

BY30G1

Figure /2 .- LAift characteristics of 8 Douglas airfoll of NACA 7-series type zith double-~slotted flap,:. aileron,
and flip, statlom 950 of C-74 wing. 6¢ = 45°; R = 6 x 10 Tesb T 393



e

MR No. Lb5C24a

3.2
2.8
iV
2.4 (ésl /L){ \
iy \
Vimir
o A ‘
4.; 1.6 // 7% -
; aw
el | 1A/
. g / - ® oL
he a4 (deg) (deg)
: .8 /; ;/ﬁ 3 0 0 -
33 f// * i(25).5 g
NP
Y
T
0
~ NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS. —
-l L[]
-2) -16 -8 0 8 16 2l
Sectioﬁ angle of attack, a,, deg

Pigure /3.~

TDT 391.

Lift characteristics of a Douglas airfoll of NACA
T-aeries type with double-slotted flap, alleron, and flip,
station 950 of C-7Y4 wing. 6¢ = 50°; R

=6 x 10°, Test,




©y

Sectlon 1ift coefficlent,

2,81

2.

n
.
o

=
.
o

—
.
ny

/AR

5

8 (deg) (d L)
* ‘ 7/ eg eg
/ Wi o o o
f_é + =5 -15
o ; S S
; Vi 28 %
-y
0 1 /265
¥/
X
[
=L
-2 =16 -8 ] 8 16 2

Sectlion angle of attack, L deg

Pigure };F.- Lift characteristics ot a Douglas alrfoll of NACA T-series type
and flip, station 950 of C-Th wing.

%

Section 1ift coefficlent,

2.8

2.k

n
-
(=

)
.
o~

[
.
n

SR (a:§) (dfb
.8 ° /< ° 0 0
-/F /a + 0 ~10
iRV 58 6
0 1 /y :
,’J( ' COMMITTEE mm
-'-hzl; RYI— 0 ‘8

= 0 =
6f 500; R

Section angle of attack, a , deg

16 - 2k

with double-slotted flap, aileron,
6 x 105,  Test, TOT 391. .

"ON MW

®H2081T -

~x&s§§§§



3.2

2.8

2.4

2.0 7,
- 7
. ¥, k’
+
g 1.6 D
-l
0
-
I
Y
51,2
o ~° 6y,
& (deg)
p

o 0

£ .8 + -3
:: x5
© o 7
@ o -10

A ;

i /4

7 4
=l
<2l -16 -8 o] 8 16 2l
Section angle of attack, Gos deg

(n) 8p = 25°,

3.2

2.8 (afré) (ff
7T,

2.4 zg/ x/ A

5
Sl
o
. s
W" >

%
’\
-3

22:'1.6 { }-b//}’io' _
Vi ?} )
. /A > 2
: N F
g 8 yAav S 10
PP iEal

AV

A7

oX
TTEE| FOR AERON
"-Léu -16 -8 o - 8 16 2
Section angle of attack, ey deg

(b) 8g = 505,

Figure /5 .- Lift characteristics of & Douglas airfoll of NACA 7-series type with double-slotted fllp,rlgile:'-on,

and flip, station 950 of C-7hL wing.

6R=O;R=6X10.. Test, TDT 391.

‘ON YW

By3061




s deg

Aao

Increment of section angle of attack,

8

N 5

NG L . _
- N (deg) :
0 \\\\L, © 0 all gaps open :
‘<§\\ I @ 0 alleron gap sealed,
N _ not faired o
A — 1
-2 AN
e
-l]_ \\ .
-6 NATIONAL ADVISORY )
_ COMMITTEE FOR AERONAUTICS.
-8 : _
=20 -16 -12 -8 o 0 L 8 12 16 20

Alleron deflection, &g , deg

Figure /6.~ Alleron and flip effectiveness of a Douglas airfoil of NACA T-series type
with double-slotted flap, aileron, and flip, station 950 of C-TL wing. 6p = 00;

¢y = 0.l; R =6 x 106. Tests, TDT 391, 393, 395.

*ON YW

BHZOG1



v

deg

aa,

Increment of aection angle of attack,

12~

MR No. L5C24a

Tegts, TDT 391, 393, 395,

10
\ﬁ\
< ~ 5. =
NN L
8’\ — ~Z] (dQS) _
~ . .
_ \ =~ e 0 all ‘gaps open
S~. + 2  ==<Do---
\' ' [~ X =3  =m=dO==-
6 =T & =5 =eedomm-
\ \“\\ b v - cmwdO=ww
\ ] = - N =10 ===do-=--
“wL\L\\ Y h =15 ~==do=--
N N A -20 ——-do—-—
L cg O-alleron gap sealed,‘"‘
\\( N not faired
\\ ‘0\4\* -
2 \ >~
LN f\\\
\)‘\\
N N
0
~J \Q\ '
\\N\:
-2
<+
\\
~N
<l ¥ N
\\ N~
oy
N\
=3
-6 NATIONAL ADVISORY )
COMMITTEE FOR AERONAUTICS.
-8 z L
-1l -12 -8 =l 0 L 8 12 16
Alleron deflection, Or , deg
Fligure /7 .- Alleron and flip effectiveness of a Douglas airfoil
of NACA T7-series type with double-slotted flap, aileron, and 6
f1ip, statlon 950 of C-Th4 wing, ©6f = 259; ¢; = 1.1; R = 6 x 10°.



TR

, deg

Aao_

Increment of sectlon angle of attack,

" MR No. L5C24a

\m\ '.
12 ~ =
. =~ |
10 —
8 ' (deg)
© 0 all gaps open
X - a—=DO==w
. Lo -—-do---
N 7V =8 —eedo-=-
6 K \ N -10 LT (o Yoy
[N -18 e’ [
\ \ N, o alleron gap sealed,
% NOK not falred
L \\\2\\ =
\\
\\k\\
\§§§k N
2
\\ o
) N ] "’,,,/A
T \\\(
-2
\
- N
q
-6
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.
1%5 -12 -8 -l 0 L 8 12 16
Alleron deflection, 6 , deg

Pigure /8 .~

Aileron and flip effectliveness of a Douglas airfoil ,

‘'of NACA 7-series type with double-slotted flap, aileron, and

f£1l1p, station 950 of C-7L wing. &f = L

Tests, TDT 393, 395.

503 ¢7 = 2.2; R = 6 x 100,




PR TET T

’ _deg ]

Aag

Increment of section angle of attack,

MR No. L5C24a

I
—_— |
i “ Bl = S
12 it -
. \"\L‘k~
\‘i\l =
\
10 . — L -
. (ceg)’” |
T © 0 - all gaps open
8 — + -2 weeDOe==
>~ X =3 | eeed0==-
o -5 ---do---
v =7 ---do---
3 ~10 s [s L
6 N =15 c=el0=m=
4 =20 ==l O=—-
. o 0 alleron gap sealed, . |
(K — not faired
X~ X - -==Do-=~
L e n - —emdo===
N & =5  ===do=--
2 \\
= e P A W =%
\O\\ - P
O \r\
& - N,
~ ‘\ NATIONAL ADVISORY
. N COMMITTEE FOR AERONAUTICS.
-l \\ \ _
N
-6 3
NN
-8 ==k
~16 ~12 -8 =l 0 L 8 12 16

Aileron deflection, ©6r , deg

Figure /9.~ Ailleron and flip effectiveness of a Douglas airfoll
of NACA 7-series type with double-slotted flap, alleron, and - 6
flip, stetion 950 of C=TL wing. &p = 50°; ¢} = 2.2; R = 6 x 10°,
Tests, TDT %91, 395, :




ba, , deg

Increment of section angle of attack,

MR No. L5C24a

U - -
12 g R »w
Il A
. \x\—[':\\\
10 \~>£\‘\
N AN
N
8 ‘ -‘X\
|
A
\
6 T
)\\J\\ |
o] '\ N
L S L
\
\ .
|
|
2
or— 5 %
(deg)
™ o 1.1 All gaps open
+ ﬁg 2.2 m=uDO -
-2 - X 53 g'g Aii;;gg.-;;‘aoaled NATIONAL ADVISORY
*x 5 . not fagred ® | COMMITTEE FOR AERONAUTICS.
AN
5N -20 =16 -12 -8 4 0 L

Flip deflection, GL » deg

Figure 20.- Flip effectiveness of a Douglas airfoil of NACA
T=serles type with double-slotted flap, aileron,sand flip,
station 950 of C-7 wing. &g = 0% R =6 x 10°. Tests,
T 391, 393, 395. '



DR

w0kl

.3‘2
2.8
2
2.0
-,
)
T 1.6
©
o
o
Lal
[
o
o L.2
o
»
~
e
pt
g 8
o
-
+2
o
©
]
b
0
-.h
=2l .
Flgure 2/.-

R

MR No. L5C24a

Ry

S

L

] @ All gaps open
+ Alleron and flip gaps

sealed, not failred

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.

x

10

=16

-8

0 8 16 2l

Sectlon angle of attack, a., deg

Li1ft characteristics of a Douglas alrfoll of NACA
7-serlies type with double-slotted flap, aileron, and flip,

station 950 of C=Tly wing. 65, = }i59;

Tests,

3 6R = oo. = _50.

8¢,
DT 393% and 395.




MR No. L5C24a

(deg)

.a.h_ o /|

n
.
o

¢
J(\ -
. ‘EE..——-___%. \ .

s L.6 —
§
ol
o
a
&
2 1,2 d 52
° ! (deg)
; }f eg
; if [0} 0
: 8 /{ Erc + =3
g /A ode x =k
ot ; ' a -5
i J TS
m N
N
0 - "~ NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.
1Y
-2l =16 -8 0 8 16 al

" Sectlion angle of attack, a_, deg

o?

Plgure 22.- Lift characteristics of a Douglas airfoil of NACA
T-series type with double-slotted flap, sileron, and flip,
station 950 of C-Th wing. A%leron gap sesled, not feired;
6p = 50°; 6g = 0°; R = x 100, Tests, TDT 391 and 393.



Oyt

MR No. L5C24a

3.2
2.8 :
'S
2. i'
%
,}; ' 1
ﬂZ.O \ X 5
(5] \ (/'
LY }/E/
= ] 4] /
g 1.6 o
s /)
6_‘ B
R V408
°1,2 &/
: 4
o /i ;(/
: iam
8 .8 '/I 7] (deg)
§ /] x/ © L5 Roughness on bottom
© / of flip .
@ //; + L5 3" roughness forward of
ol flip on upper surfsace
/ [ X 50 Roughness on bottom
X of flip
; @ 50 3" roughness forward of
o flip on upper surface
| | 1 I
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.
-.ll. { 1 i i
2l -16 -8 0 8 16 2l
Section angle of attack, a deg.

Plgure 23.-
station 950 of C-TL wing.

o’

L1ft characteristics of a Douglas airfoil of NACA
T-serles type with double-slotted flap, alleron, and flip,

Test, TDT 393,

6gr = 0; 6; = =593 R = § x 10
R L




3.2 342

T [ 7R

Figure 2<4,- Lift characteristics of a Douglas airfoll of NACA 7-serles type with double-slotted fla 2
and flip, station 950 of C-74 wing. 6y = 509, szs,t, ™T 391. P, alleron,

Z.h ﬂ 2 h _\
1 4 ' il
YRy aE
a i
K -
/4 AT
ov- ﬂ:\g/ » o,.. ‘ o ,- \\
~ *" 3 S \ -+
.‘é 1.6 ;/x//l ,?# "é 1.6 l| / /_'_J‘ o
3 414 3
- Nx !
& / + ‘I,qr &~ P, ~ /
€2 4%yk oy = 0 %12 fﬁ Cei W
© / * 6 © \l SF
2 : R=6 x10 e 47 .%+/ ’
H .8 8 : 8 ; \ 4 (dbR) o R
: Vih (deg) § ° Vil °6 (aog)
3 | [l e : L1 °o 0 0 6 x106
o J? @ 0 All gaps open $ L/ + 0 -5
2 L / + <5 PMip gap sealed 2] A x 0 ~5 2
?{_,. N x <5 Flip gap sealed™ | 4 7 ~——la 0 - -5 9
/ / and faired ® 5 -5 [4
A
0 1 ﬂ__/-
For
-k - . .
-2l -16 -8 0 8 16 2 -2} =16 -8 0 8 16 2y
Sectlon angle of attaok, L deg Ssction sngle of attack, L deg .

*ON YW

BY3OG1



¢

Sectlon 1ift coeffliclent,

7T
2.8 “ 1 2.8
K .
/ ! -
. )
2 / i /
/ A 1
- ; 7
2.0 by ~ ﬁ/a 3 2.0 / 3
K
. +V G... AA{
X
1.6 _. £ 1.6 .L\ : M
; }
- /
R g J
1.2 — € 1.2 y =
\+ \ AGJU ” \ 4 uf
o “
..l .
.8 wn _“ .8 \ i
A Z
I o o I o0
L r L — o + .
x\ : \ (deg)  (deg) ____ (deg) (deg)
f ¥ o 0 o | mrd . uw 5
0 I o ]
o] JK\ H Wo M — 0 ++ N- M wmou 0
\,. o 50 =5 i . f -5
/ h
-b * \ b nr ¥ oA ADoK
M \ _ FOR AFRONA =
d _ . "o
-.8 - q ’
-2 ~16 -8 0 8 16 2l -2l -16 -8 o 8 16 2 ON
Section angle.of attack, a., deg ' Section sngle of attack, a,, deg .

(°]

(a) Smooth condition.

{b). Leading edge roughness.

Figure 25.- Lift characteristics of a Douglas airfoll of NAGA 7T-series type with double-slotted flap, aileron,
‘and flip, stetion 950 of C-T4 wing. om = oo. R=6 x Hom. Teasts, -TDT 391 and 393¢ - o

ByZ081



UUIIUHIJIHIIJUIIJJJIJIINIINNIIHJWHINHNUN

1176 01403 5233 .



